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@) Nitrogen production.

@) Production of a nitrogen gas stream from the waste gas from a pressure swing adsorption process
separating a raw gas stream containing nitrogen, carbon dioxide, and combustible gas including hydrogen, into a
hydrogen containing product stream and a waste gas stream containing carbon dioxide, some combustible gas,
and at least some of the nitrogen, by catalytically combusting the waste gas stream with an oxygen containing
gas and removing water from the combusted waste gas stream. Carbon dioxide is removed from the waste gas
stream before_and/or after catalytic combustion. To reduce the residual oxygen content of the combusted waste
gas stream, a small amount of hydrogen, e.g. a portion of the hydrogen containing product from the pressure
swing adsorption, may be added to the combusted waste gas stream and the mixture catalytically reacted.
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Nitrogen Production

This invention relates to the production of streams of nitrogen having a relatively high purity so that the
gas is suitable for use, for example, as an inert blanketing gas.

In EP-A-157480 we describe the production of a gas stream suitable for use as ammonia synthesis gas
by a pressure swing adsorption (PSA) process from a raw gas stream containing hydrogen, nitrogen (in an
excess of the proportion required in the ammonia synthesis gas), and carbon dioxide, and generally aiso
small amounts of methane, carbon monoxide, and/or argon.

This pressure swing adsorption process gives

a) a product gas stream, suitable for use as the ammonia synthesis gas and containing hydrogen and -

nitrogen in the desired molar ratio, normally about 3 moles of hydrogen to 1 mole of nitrogen, and also,
perhaps, small quantities of carbon oxides, argon, and/or methane, and

b) a waste gas siream containing essentially all the carbon dioxids, the excess of nitrogen, and,
generally, a little hydrogen, and some or all of the other components of the raw gas stream.

A somewhat similar process giving a technical hydrogen product gas siream is described in EP-A-
204478. Again the water gas stream contains carbon oxides, mtrogen a little hydrogen, and also perhaps
small quantities of argon and/or methane.

It has been proposed in those references to recover the fuel value from the waste gas stream by using
the waste gas as a fuel: in particular, in the aforesaid EP-A-204478 is is suggested that the waste gas can
be combusted catalytically, optionally after removal of carbon dioxide, for example, by a "wet" process.

We have now realised that catalytic combustion of such a PSA wasie gas siream enables a stream of

v'nitrogen of relatively high purity to be obtained with minimal further processing.

Accordingly the present invention provides a process for the production of a nifrogen gas siream

comprising

a) separating, by pressure swing adsorption, a raw gas stream containing nifrogen, carbon dixoide,
and combustible gas including hydrogen, into a first product stream containing at least hydrogen and a
waste gas stream containing carbon dioxide, at least some of the nitrogen, and some combustible gas;

b) catalytically combusting the waste gas stream with an. oxygen containing gas, the quantity of the
latter being just sufficient {0 ensure complete combustion;

c) removing carbon dioxide from the gas stream before and/or after combustion; and

d) separating water from the gas stream leaving the catalytic combustion.

The waste gas stream will, as mentioned above, often contfain a small amount of hydrogen and, often,
small amounts of other combustible gases such as carbon monoxide and methane. The waste gas may also
contain inert gases such as argon. Typically the waste gas stream will have the following composition (on a
dry basis):
hydrogen 2-30% viv —
nitrogen 25-75% viv
carbon dioxide 1-60 viv
carbon monoxide 0-20% viv
methane 0-25% viv
argon 0-5% viv
Generally the waste gas stream will contain 5-55%, usually 5-25%, v/v {on a dry basis) of combustible gas.

Catalytic combustion enables the combustible gases to be converted substantially completely to
combustion products such as water and/or carbon dioxide which are readily separated from the combusted
waste gas, for example by cooling, absorption of carbon dioxide by a suitable absorbent, and/or membrane
technology, leaving a gas stream consisting essentially of niirogen. As described hereinafter, in some cases
where there is a carbon dioxide removal step prior to combustion and some carbon dioxide can be tolerated
in the nitrogen product stream, it may not be necessary to subject the combusted gas stream to a carbon
dioxide removal step.

While the techniques employed to separate water and carbon dioxide form the combusted waste gas
stream will generally not effect removal of oxygen, by the use of catalytic combustion it is possibie to
control the amount of oxygen containing gas, which is conveniently air, used in the combustion so that the
residual oxygen content of the combusted waste gas stream leaving the catalytic combustion zone is small,
typically iess than about 0.1% by volume on a dry basis. If such proportions of oxygen can not be tolerated
in the product nitrogen stream, then it is possible to reduce the oxgyen content by a suitable catalytic
process, eg a de-oxo process wherein a small, conirolled, amount of hydrogen is added to the combusted
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waste gas stream, before or after separation of water and any carbon dioxide present, and the mixture
passed over a suitabie precious metal catalyst effective to cause the hydrogen to react with said residual
oxygen. Where the PSA product stream is essentially hydrogen, or a hydrogen/nitrogen mixture, a small
proportion thereof can be used as the source of hydrogen employed in such a de-oxo process.

Where the nitrogen in the raw gas stream is derived from air, and/or where air is used as the oxygen
containing gas in the catalytic combustion, the combusted waste gas stream will contain a small proportion
of argon. Normally the techniques employed to separate water and carbon dioxide form the combusted
waste gas will not effect separation of argon: however the presence of such proportions of argon in the
resultant nitrogen stream can normally be tolerated.

The catalytic combustion is effected by passing the PSA waste gas, optionally after removal of carbon
dioxide thereform by a "wet"” process, and the oxygen containing gas at a suitable pressure, normally in the
range 1 to 10 bar abs., over a catalyst such as a supported platinum group metal. The catalyst is preferably
supported on a monolithic honeycomb support of, for example, alumina. The oxygen containing gas and/or
the PSA waste gas may be saturated with water vapour prior to passage over the catalyst. Energy may be
recovered from the gas stream leaving the combustion zone by using the gas stream to drive a turbine,
which may in turn drive one or more machines employed in the overall process, eg compressors for the
oxygen containing gas and/or waste gas, if compression of the latter is necessary, and/or a compressor
employed in the prodiiction of the raw gas or used in the further processing of the PSA product or
separated carbon dioxide eg where the latter is employed for urea manufacture. Alternatively such a turbine
may be used to drive an alternator producing electricity. Energy may also be recovered from the gas steam
leaving the combustion zone by heat exchange, eg preheating the PSA waste gas and/or oxygen containing
gas prior to passage over the combustion catalyst, producing steam or hot water, and/or preheating one or
more reactants employed in the production of the raw gas stream: ~-

Carbon dioxide may be separated from the PSA waste gas, and/or from the combusted waste gas,
stream by contact with a suitable absorbent liquid, such as an aqueous solution of potassium carbonate,
methyl diethanolamine, triethanolamine, tetramethylene sulphone, methanol, N-methyl pyrrolidone, pro-
pylene carbonate, or polysthylene glycol dialkyl ethers.

By the process of the invention it is possible to obtain nitrogen gas streams containing, on a dry basis,
at least 80%, and, where there is a carbon dioxide removal step after combustion, at least 80%, particularly
at least 95%, by volume of nitrogen.

One embodiment of the invention is illustrated by the accompanying flowsheet.

In this example a raw gas stream, typically at a pressure of 30 bar abs. and containing hydrogen,
nitrogen, carbon dioxide, carbon monoxide, methane, and argon is fed, via line 10, to a pressure swing
adsorption (PSA) system 12 of the type described in the aforesaid EP-A-157480. In the PSA system 12 the

-raw gas is separated into an unadsorbed product gas stream 14 containing hydrogen, nitrogen, some of the

argon and traces of carbon oxides and which, after methanation, is suitable for use as ammonia synthesis
gas, and a waste gas stream 16. The waste gas siream 16 contains a small proportion of hydrogen,
nitrogen, carbon dioxide, carbon monoxide, methane, and some of the argon.

The waste gas stream 16 is typically at a pressure of 3.5 bar abs. The waste gas stream is then
preheated in heat exchanger 18, typically to about 300°C, and then fed, via line 20, to a catalytic combustor
22. Air is fed, via line 24, to a compressor 26 and thence, via line 28, to a heat exchanger 30 wherein it is
preheated, typically to about 300 to 350°C. The preheated air is then fed, via line 32, to the catalytic
combustor 22. The amount of air fed to combustor 22 is controlled by a valve 34 in line 32.

In the catalytic combustor 22 the air and PSA waste gas mix and pass over a combustion catalyst of
platinum supported on an alumina honeycomb. Located in the outlet of the catalytic combustor 22 is an
oxygen sensor 36 controlling the valve 34 so that the amount of air fed to the combustor 22 is such that
there is substantially complete combustion of the PSA waste gas but only a small content of oxygen in the
gas stream leaving the combustor 22. The gas leaving the combustor 22 thus consists essentially of
nitrogen, carbon dioxide, water vapour and argon.

The combusted gas leaves the catalytic combustor 22, typically at a temperature of about 800-1000°C,
via line 38 and is let down, typically to about 1.2 bar abs., in a turbine 40 driving the air compressor 26 and
a compressor 42, and is then fed, via line 44 to heat exchangers 30 and 18 whers it provides the source of
heat for preheating the PSA waste gas and the combustion air.
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The temperature of the combusted gas leaving the catalytic combustor is controlled at the desired level
by varying the degree of preheating of the waste gas stream and/or the air by conirolled bypass (not
shown) of heat exchangers 18 and/or 30. Alternatively, or additionaily, the combustor exit temperature is

controlled by the incorporation of steam into the air and/or waste gas siream fed {o the combustor. Such

steam may be incorporated by direct injection or by means of a saturator wherein the air and/or waste gas
stream is contacted with a stream of hot water.

The combusted gas stream cooled by passage through the heat exhcnagers 30 and 18, is then passed,
via line 46, to compressor 42, where it is compressed typically to about 3.6 bar abs. If necessary the
combusied gas may be further cooled, by a suitable cooler, not shown, before and/or after compressor 42.
A heat exchanger (not shown) may be provided in series or parallel with heat exchangers 18 and 30 to
generate a hot water stream, eg that required for any saturation as aforesaid, or to raise steam, eg for direct
injection as aforesaid, or for export.

The compressed gas is then fed o a carbon dioxide absorption column 48 wherein it contacts a
suitable absorbent liquid fed to the top of the column 48 via line 50. Carbon dioxide loaded absorbent is
removed from the base of the column 48 via line 52 and is passed to a regeneration column (not shown)
from which re-generated absorbent is recycled 1o the top of column 48. The combusted gas stream, from
which the carbon dioxide has been absorbed, is fed from the top of column 48, via line 54 and a cooler 56,
to a catchpot 58 to remove condensed water to give a nitrogen stream 60. If desired, particularly where
steam has been added, directly or by saturation, to the air and/or waste gas stream prior to combustion, a
cooler and catchpot (not shown) may be provided in line 46 to condense any excess of steam and to
separate condensed water prior to compression.

If it is desired to reduce the oxygen content of the nitrogen stream 60, a small part stream 62 is taken
from the unadsorbed PSA product stream 14, before or afier methanation, and mixed with the nitrogen
stream 60. The mixture is then fed, via line 64, through a de-oxo unit 66 containing a precious metal de-oxo
catalyst, {o give a purified nitrogen stream 68.

Typical flow rates of the components of the gas streams for a calculated example of the above process
are shown in the following table.

| I Flow rate (kg mol/hr) |

{Stream| |
! | 0, | Hy | Ny | €O, | CO | CH,| Ar | H,0 |
| - | | | | | ] | ]
I 10 | - | 4781.0 | 2568.8 | 1437.6 | 27.5 | 42.4 | 59.2 | - |
I 14 | - | 4436.4 | 1423.1 | -~ | 8.9 { 11.9 | 32.7 | = |
| 16 | - | 344.6 | 1145.7 | 1437.6 | 18.6 | 30.5 | 26.5 | - ]
| 32 | 2647 1 = | 909.9 | 0.4 ] - | = ] 10.7 | 11.7 |
| 38 | 2.1 f = | 2055.6 | 1487.1 | = | = | 37.2 | 417.3 |
| 60 | 2.1 | - 12055.6 1 2.1 | - | = | 37.2] 25.5]
| 64 | 2.1 | 4.2 | 2056.9 | 2.1 | <0.1 | <0.1 | 37.2 | - |
| 68 | - | - | 2056.9 | 2.1 | - I - | 37.2 { 29.7 |

To remove the residual water, the purified nitrogen stream 68 may be dried in conventional manner, for
example by means of a molecular sieve adsorbent. ’

In an alternative arrangement, the compressed gas stream from compressor 42 may be fed via line 70
(shown dotted) to a membrane separator unit 72 wherein the nitrogen, and some of the argon and oxygen,
is separated from the carbon dioxide and water as the nitrogen stream 60.
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In an alternative embodiment, most, eg 75% or more, of the carbon dioxide is removed from the waste
gas stream 16 prior to feeding the waste gas to the catalytic combustor 22. The removal of the carbon
dioxide may be effected by contacting the water gas with a suitable absorbent liquid as aforesaid. Where
the absorbent combustor will be saturated with water. However it will normally be necessary to add a further
quantity of steam to act as a ballast in the catalytic combustion to moderate the temperature thereof. This
additional steam may be added by direct injection or by saturation as aforesaid.

This alternative is particularly advantageous where the nitrogen product is not required at an elevated
pressure and some carbon dioxide can be tolerated in the nitrogen product as then the re-compression in
compressor 42 and the subsequent carbon dioxide removal stage can be omitted. Thus in the above
example, if 80% of the carbon dioxide is removed prior to combustion, and there is no recompression and
carbon dioxide removal after combustion, the product nitrogen, at a pressure of 1.2 bar abs., contains wiil
contain about 85% nitrogen and about 14% carbon dioxide on a dry basis.

This alternative wherein carbon dioxide is removed prior to combustion is also advantageous where re-
compression of the combusted gas and removal of carbon dioxide thereform is effected since the excess of
steam added as ballast can be condensed prior to compression, thereby reducing the quantity of gas that
has to be compressed, and hence reducing the power consumption required for compression. Thus in the
above example, if 80% of the carbon dioxide is removed prior to combustion and the combusted gas
cooled to about 50°C and the condensed steam is removed prior to re-compression, the amount of gas that
has to be re-compressed is only about 68% of that of the corresponding case where there was no carbon
dioxide removal prior to combustion. .

Where there is two-stage carbon dioxide removal, ie removal of some carbon dioxide prior to
combustion of the waste gas and then removal of carbon dioxide from the combusted gas after re-
compression thereof, the carbon dioxide removal may be effected by a liquid absorbent by contacting the
combusted gas with regenerated absorbent to provide an absorbent part loaded with carbon_dioxide and
combusted gas of low carbon dioxide content, and contacting the waste gas with the part loaded absorbent
to provide a loaded absorbent, which is passed to a regenerator to regenerate the absorbent, and a waste
gas from which the carbon dioxide has been partially removed. Altematively the removal of carbon dioxide,
it required, from the combusted gas may be effected by an independent system, which may be for example
a membrane separation unit.

Claims

1. A process for the production of a nitrogen gas stream comprising:

a) separation, by pressure swing adsorption, a raw gas stream containing nitrogen, carbon dioxide,
and combustible gas including hydrogen, into a first product stream containing at least hydrogen and a
waste gas stream containing carbon dioxide, at least some of the nitrogen, and some combustible gas;

b) catalytically combusting the waste gas stream with an oxygen containing gas, the quantity of the
latter being just sufficient to ensure complete combustion;

¢) removing carbon dioxide from the gas stream before and/or after combustion; and

d) separating water from the gas stream leaving the catalytic combustion.

2. A process acording to claim 1 wherein the combustible gas in the raw gas stream comprises
methane and/or carbon monoxide as well as hydrogen, and the pressure swing adsorption effects
separation of at least some of said methane and/or carbon monoxide into said waste gas.

3. A process according to claim 1 or claim 2 wherein the amount of oxygen containing gas employed in
the catalytic combustion is controlled such that the oxygen content of the gas stream leaving the catalytic
combustion is less than 0.1% by volume on a dry basis.

4. A process according to any one of claims 1 to 3 wherein the combusted waste gas stream contains
residual oxygen, hydrogen is added to the combusted waste gas stream, and the resultant mixture is
passed over a catalyst effective to cause the hydrogen to react with said residual oxygen.

5. A process according to claim 4 wherein the product gas stream separated by pressure swing
adsorption is hydrogen, or a hydrogen/nitrogen mixture, and a portion thereof is added to said combusted
waste gas stream to provide the hydrogen required for reaction with the residual oxygen.

8. A process according to any one of claims 1 to 5 wherein energy is recovered from the combusted
waste gas stream by using said combusted waste gas stream to drive a turbine.

7. A process according to any one of claims 1 to 6 whersin separation of carbon dioxide form the PSA
waste gas stream, before or after combustion thereof, is effected by contact with a liquid effective to absorb
carbon dioxide.
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8. A process according to any one’ of claims 1 to 7 whersin the waste gas siream has the composition
(on a dry basis):
hydrogen 2-30% viv
nitrogen 25-75% viv
carbon dioxide 1-60% v/iv
carbon monoxide 0-20% viv
methane 0-25% viv
argon 0-5% viv.

9. A process according 1o any one of claims 1 to 8 wherein the waste gas stream contains 5-55% viv
(on a dry basis) of combustible gas.

10. A process according to any one of claims 1 to 9 wherein carbon dioxide is removed from the
combusted gas so as to give a nitrogen product gas stream containing at least 90% by volume of nitrogen
on a dry basis.
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